Background: There is no single noninvasive index that provides a direct measure of LV filling pressure. However, invasive measuring of LV end diastolic pressure (LVEDP) provides reliable assessment of LV diastolic dysfunction, but its invasive nature limits its use in daily practice. Accurate noninvasive assessment of LV diastolic dysfunction is highly desirable, and the relationship between the degree of LVEDP and acceleration of E' wave obtained by tissue Doppler imaging (TDI) of mitral annulus is not clearly assessed; here in our study we aimed to assess the relation between the degree of LVEDP and the acceleration rate of E' wave of mitral annular Doppler tissue. Patients and Methods: The study included 60 patients divided equally into 3 groups according to the degree of LVEDP, group I (Normal): <10 mmHg, group II (Grey zone): 10 -14 mmHg, and group III (Elevated): ≥15 mmHg. All participants underwent Electrocardiographic examination (ECG), standard two-dimensional echocardiography, mitral Doppler flow and tissue Doppler imaging of mitral annulus including E/E' ratio and E' wave acceleration rate. Coronary angiography and left sided heart catheterization and measuring LVEDP were performed for correlating E' wave acceleration rate with invasively estimated LVEDP. Results: There was significant progressive decrease in E' acceleration rate (E' Acc rate) with progressive increase in LVEDP from I to III (P 0.001), while there was significant progressive increase in E/E' ratio with progressive increase in LVEDP from I to III (P 0.003). Peak E' acceleration rate had a significant negative correlation with LVEDP in all three groups, with p value of 0.003, 0.044 and 0.
Introduction
The assessment of left ventricular (LV) diastolic function should be an integral part of a routine examination, particularly in patients presenting with dyspnea or heart failure. About half of patients with new diagnoses of heart failure have normal or near normal global ejection fractions (EFs). These patients are diagnosed with "diastolic heart failure" or "heart failure with preserved EF" [1] . Technical advances in the noninvasive imaging modalities have allowed the assessment of LV mechanics which has resulted in the development of novel parameters that can play a promising role in the quantification of LV diastolic function [2] . In some patients, elevated filling pressure is observed only during exercise; therefore, normal filling pressure at rest does not exclude clinically significant diastolic dysfunction. There is no single noninvasive index that provides a direct measure of relaxation, restoring forces, compliance, or LV filling pressure [3] [4] .
The aim of this study is to assess the relation between the degree of invasively measured LVEDP and the acceleration rate of E' wave of mitral annular Doppler tissue.
Patients and Methods
The study was conducted on 60 consecutive patients scheduled for coronary angiography and left-sided heart catheterization to measure LVEDP in cardiology department, Menoufia University Hospital from Augustus 2017 to October 2018; Patients were enrolled in the study after their informed consent and approval by the Committee of Ethics of Menoufia University Hospital were obtained. Patients with acute myocardial infarction, significant coronary artery disease proved by coronary angiography, atrial fibrillation, left bundle branch block, mitral and/or aortic prosthesis, mitral stenosis, annular mitral calcification, more than mild primary valvular regurgitation, pericardial diseases, and contraindications to dye were excluded from the study. All patients underwent detailed history taking, thorough physical examination and 12-lead ECG. 
Cardiac Catheterization

Conventional Echocardiography
Tissue Doppler Imaging (DTI)
In the apical 4 chamber view, a 4 -5 mm sample volume was placed at the septal and lateral margins of the mitral annulus and the cursor was oriented so that it is parallel to the direction of mitral annular motion. Velocities of early (E') and late (A') diastolic waves and peak systolic (S) wave were recorded and E'/A' ratio was calculated and averaged from both annular sites. Myocardial isovolumic relaxation time (IVRT) was measured from the end of S wave to the onset of E' wave.
Acceleration time of E' wave (E' Acc time) was measured from onset to peak of E' wave and acceleration rate of E' wave (E' Acc rate) was calculated as peak E' velocity divided by E' Acc time.
Statistical analysis:
Data were analyzed using SPSS software. Quantitative data expressed as mean and standard deviation Chi square test student t test, Mann whiney U test, Kruskal Walls test and correlation coefficient test.
Results
The study included 60 patients, that were further classified according to LVEDP into three groups, group I (Normal), group II (grey zone) and group III (Elevated) with mean age for each group (46.5 ± 5.5, 52.1 ± 5.9 and 58.4 ± 1.9 years) respectively. Elevated LVEDP was noticed in males, older, hypertensive and diabetic patients, while there were no statistically significant differences regarding dyslipidemia and smoking (P > 0.05) between groups (Table 1 ). There was no significant difference between groups as regards conventional echocardiographic parameters, as LV end systolic & diastolic dimension also EF. EDV, ESV and SV, while there was a highly significant progressive increase in LAD, TR velocity and PASP from group I to group III.E wave peak velocity and E/A ratio were maximum in group III and lowest in group II ( Table 2) . Regarding TDI parameters, there was significant progressive decrease in E' acceleration rate and E' peak velocity from group I to group III while there was significant progressive increase in E/E' ratio and E' acceleration time from group I to group III. IVRT is maximum in group II and lowest in group I ( Table 3 ,
According to peak E' acceleration rate there was a significant negative correlation between E' acceleration rate and LVEDP in all three groups, with p value of (P 0.003, 0.044 and 0.021 respectively) (Tables 4-6, Figures 1-3) .
Regarding E/E' ratio it was noticed that There was a significant positive correlation in predicting normal and elevated LVEDP with p value (0.001 and 0.006) respectively while there was a non-significant correlation between E/E' and LVEDP within grey zone group (p value = 0.138) (Tables 4-6).
By analysis of ROC curve; the cutoff point of E' acceleration rate to identify patients with elevated LVEDP was 132 cm/s 2 that had 42% sensitivity and 93% specificity while cut off point of E/E' was 9.81 and had 87% sensitivity and 21% specificity to identify patients with elevated LVEDP (Table 7) . 
Discussion
The major findings of this study were first: there was a highly significant pro-World Journal of Cardiovascular Diseases gressive decrease in E' acceleration rate from group I to group III and there was a significant negative correlation between E' acceleration rate and LVEDP in all three groups. Second: there was significant progressive increase in E/E' ratio from group I to group III and there was a significant positive correlation in predicting normal and elevated LVEDP while there was a non-significant correlation between E/E' and LVEDP within grey zone group. Third: There were highly significant progressive increases in LAD, TR velocity and PASP from group I to group III.
E' Acceleration Rate in Patients with Diastolic Dysfunction
In our study, similar to peak E' velocity, peak acceleration rate of E' was significantly lower in patients with elevated LV filling pressure (group III) compared to other two groups of LVEDP (P value ≤ 0.001) and there was significant negative correlation between E' acceleration rate and LVEDP, consistent with the result of Qinyun Ruan, et al. [7] study which reported that the peak acceleration rate of E', at either side of the mitral annulus, in patients with impaired LV relaxation (IR, PN, and Res groups) was significantly lower than in the age-matched control group. Overall its accuracy in identifying patients with impaired relaxation and elevated filling pressures was similar to peak E' velocity [7] .
E/E' Ratio in Patients with Diastolic Dysfunction
In our study we found that (E/E') showed a statistically significant higher values in elevated group of LVEDP compared to other two groups and there was positive correlation between E/E' and LVEDP but there was a non-significant correlation within grey zone group (p value = 0.138)., S.F. Nagueh, et al. [8] suggests that the mitral E/E' ratio is of supportive value for the non-invasive prediction of the LVEDP. Arteaga et al. [9] , Kasner M et al. [10] and Yu, et al. [11] reported that the ratio between transmitral E and E' (E/E') correlates well with LV filling pressure or pulmonary capillary wedge pressure (PCWP). Ommen SR et al. [12] also reported that Patients with E/E' < 8 can be classified as normal filling pressure and if there is a normal left atrial size, normal diastolic function can be diagnosed. Those with E/E' > 15 have raised filling pressure. But in contrast to many studies that reported weak correlations between E/E' ratio and LV filling pressure. Oleg F et al. [13] reported there was no clear or sufficient evidence to support that E/E' can reliably estimate LVFP in preserved EF as the diagnostic accuracy of E/E' to identify/exclude elevated LVFP and DD/HFpEF is limited and requires further validation in a well-designed prospective clinical trial. Mario Previtali et al. [14] suggested that the mitral E/E' ratio is of limited value for the non-invasive prediction of the LVEDP in the individual patients.
Lindqvist et al. [15] , found a weak correlation between E/E' and PCWP at, septal and lateral walls (r = 0.43 -0.44, p < 0.05). Similarly, Hadano et al. [16] reported poor correlation between E/E' Lateral and LVEDP (r = 0.33, p < 0.001) among 140 patients referred for cardiac catheterization.
Conclusion
TDI derived E' peak acceleration rate was found to be a useful index to assess LVEDP especially in patients with advanced LV diastolic dysfunction.
Limitations
The sample size was small and we are in need for larger study with different category of patients (normal versus depressed LV systolic function) to validate this parameter.
